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PLATE XI 


(a) A high tidal bore breaking into a bubbling front as it comes around the 
bend of the Petitcodiac River at Moncton. (b) A high tidal bore, highest of 
the year, passing the riverside park in Moncton. 
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PLATE X 


“Flower-pot Rocks” at Hopewell Cape, N.B. 
A tidal stream, Hall’s Creek near Moncton, N.B., at low tide. 
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FUNDY’S PRODIGIOUS TIDES AND PETITCODIAC’S 
TIDAL BORE 


By F. Keirn Datton 
(with Plates X and XI) 

oe the amateur astronomer, probably the most interesting natural 

phenomena to be observed on this planet are the tides of the 
oceans and their effects on the shores and in the tributary rivers. The 
highest tides in the world occur in the Minas Basin, at the eastern 
end of the Bay of Fundy, so in this region extreme effects are pro- 
duced. The Petitcodiac River, which flows into Fundy through 
Shepody and Chignecto Bays, has very impressive tidal bores that 
may be seen to best advantage from the riverside park provided for 
this purpose in the city of Moncton, New Brunswick. 

The tides are movements of the ocean waters, rising and falling, 
with horizontal motion also as they rush into bays and rivers to 
which they have access. These movements are periodic, high and low 
tides occurring in regular succession slightly more than six hours 
apart. In a few exceptional locations, however, there is only one high 
tide followed by a very long low tide, each day for periods of a few 
days twice each month but at other times the tides follow the usual 
sequence. 

Tides are caused by the mutual gravitational attraction between 
the waters of the oceans, on the one hand, and the moon and sun on 
the other. These forces cause the waters to be drawn westward and 
then eastward as the earth rotates on its axis. The moon produces the 
most noticeable tidal effect but the sun exerts a force about forty-six 
per cent. of that of the moon so it modifies the lunar control. Due to 
the moon’s eastward revolution around the earth, corresponding tidal 
conditions are from 38 to 66 minutes later each day, the average daily 
retardation being about 51 minutes. 
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Types oF TIDES 

There are three types of tides, or rather three chief factors all of 
which are present in any tide but one or other appears most pro- 
nounced according to the location considered. These factors depend 
separately upon the phase, distance and declination of the mocn. The 
respective tides are known as “synodic,” “anomalistic” or “declina- 
tional” depending on which factor predominates. The highest synodic 
tides occur when the sun and moon cross the meridian together, in 
conjunction, and also when they are in opposition. The highest 
anomalistic tides appear when the moon is in perigee, nearest to the 
earth, and the maximum declinational tides when the moon passes 
nearest to the zenith. 

The tides which affect the Bay of Fundy commence with a west- 
ward movement of the waters of the south Indian Ocean, west of 
Australia. This continues, increasing, until, passing around the south 
of Africa, it turns northward and proceeds up the Atlantic Ocean. 
Due to this long path of travel, the tides do not reach their high 
levels on Nova Scotia and New Brunswick shores until about twelve 
hours after the moon has crossed the local meridians. Here, uniquely, 
the three types of tide may be found in close proximity: 

Synodic tides along the Atlantic shores of Nova Scotia. 

Anomalistic tides in the Bay of Fundy and Minas Basin. 

Declinational tides in the Northumberland Strait, between Prince Edward 
Island and Nova Scotia. 

Where tides of any type meet a shore-line or other obstacle which 
obstructs their travel, the water level rises. This is particularly notice- 
able when they enter a bay that has a wide mouth and converging 
shores. Here the maximum rise is greater, and the times of high and 
low water are later, at the head of the bay than at its mouth. When 
the outflowing waters meet the incoming tide at the mouth of such a 
bay, the resulting disturbance may create quite a rough sea. 


Bay oF FuNnpy TIDEs 


The Bay of Fundy is particularly well placed and orientated to 
receive the northward moving tide. It opens towards the south to 
accept the full flow of water and gradually reduces in both width 
and depth towards the upper end where the waters pile up to 
exceptional heights. This continues into the Minas Basin which also 
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tapers to a point near the town of Truro. Not far from here, at Burnt- 
coat Head on the south shore of the Basin, the highest tides in the 
world are to be found, the maximum rise being 53% feet, and even 
this may be increased by storm conditions. The Encyclopedia Britan- 
nica states that tides as high as 62 feet have been recorded here. 

The name “Fundy,” apparently from the Portugese, “Rio Fondo,” 
on early maps, means ‘deep river,” and is very appropriate for this 
bay virtually is a river while the enormous tides flow and ebb. 

The tides of Fundy, being of the anomalistic type, vary chiefly 
with the distance of the moon, from perigee to apogee, and are very 
regular. Where so great a rise of tide occurs, the variations are greatly 
magnified. The diurnal inequality also is more noticeable. 


EFrFrects oF TIDES 

The chief effects of the tides on the shores of the bays and the 
basin are the erosion of rocks and the shifting or washing away of 
softer and fine materials which has resulted in the formation of some 
excellent beaches. 

Most interesting evidence of the erosion of rocks by the waves 
may be seen at Hopewell Cape, at the mouth of the Petitcodiac River, 
where a long row of “‘flower-pot rocks” show by the top and curva- 
ture of their eroded surfaces the maximum height reached by the 
tides over inconceivable eons of time and also the relative frequency 
of tides at different levels, the average high tide being much more 
frequent and cutting more deeply than either higher or lower flood 
tides (Plate Xa). Here the maximum rise of tide is nearly forty- 
seven feet. Except for a short period at high water, one may walk 
around the bases of these strange rocks. These rocks are of a type 
known as conglomerate, and are very hard indeed. Otherwise they 
would have disappeared long ago by erosion. 

A good example of fine beach formed by the shifting of materials 
from higher elevations is seen on the north shore of the Minas Basin. 
A rather steep gravel beach, of material washed up by the tides and 
waves, will be found at Parrsboro, just inside the entrance to the 
Minas Basin, where a ship may become stranded far above low tide 
levels. All of these beaches are very dangerous, the waters very 
treacherous, to one who does not realize the exceptional rise and the 
rapid rate of rise of the tides in this region. At Burntcoat Head, where 
the rise of tide is the greatest known, the rate of rise, through the 
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average water level, is 132 feet per hour, or one foot in every 4% 
minutes. Any person in bathing and unaware of this, may suddenly 
find that the shore-line has moved some distance away from him and 
he may have considerable difficulty in wading or swimming out in 
time to avoid being overcome by the rising tide. 


TipaL RIVERS 


Those rivers which are affected by the tides, known as “tidal 
rivers”, also show unique behaviour. As tides rise, the waters rush 
upstream in a most uncanny fashion suggesting that there is no limit 
to the amount of water that the river bed can receive and then, with 
ebbing tide, they rush out again, giving a very false impression of the 
size and importance of the stream. 

At the city of Saint John, New Brunswick, the tides have a 
maximum rise of 28 feet. Here they create and control the famous 
“Reversing Falls,” or rather a reversing rapids, on the St. John River. 
With rising tide, the waters flow upstream over the rocky bed of the 
river and then return downstream, over the same rocks, as the tide 
ebbs. Ships which have occasion to go up and down the river, passing 
the “Falls,” must be guided by the tide tables as to the opportune 
time to move in either direction. 

This procedure of filling up a river bed and then emptying it, 
typical of all rivers which flow into tidal waters, appears to greatest 
extreme in the region of the Bay of Fundy and Minas Basin. Here 
many of the streams flow between red clay banks where the continual 
movement of the waters has washed away the sides so that the bed 
has become a winding V-shaped groove with wet, slippery, slanting 
sides (Plate Xb). At times of high tide the river bed is filled to the 
brim whereas at low tides a comparatively insignificant stream at 
the bottom of the groove flows toward the sea. The water in many of 
these rivers and creeks, coloured by the clay, is very red and muddy. 


When one sees such a stream, he knows at once that it is affected by 
tidal movements. 


Petitcoprac’s TipAL Bore 


The tidal bore on the Petitcodiac River, in New Brunswick, is a 


famous tourist attraction, but to astronomers, both professional and 
amateurs, it is very much more than this. For them it is a thrilling 
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spectacle—positive evidence, before their very eyes and only a few 
feet distant, of the existence of that remarkable force of gravity pulling 
between the moon and the waters on this planet. This bore is caused 
by Fundy’s tides which are anomalistic, the height varying chiefly 
with the distance of our satellite from the earth, and the highest bores 
occurring only in one short period in each lunar month. 

A tidal bore is a wave front of water advancing steadily up a river, 
“boring” its way against the natural flow, and followed immediately 
by the rising tide. The conditions necessary for the formation of a 
bore are that there must be a considerable and rapid rise of tide at the 
mouth of the river, and a converging channel with a rising bed so 
that the depth of water is decreasing as the channel is approached, 
progress being impeded by sand banks or shoals. The height of the 
bore will depend upon the rate of rise of the tidal waters, the effect 


being much increased if an on-shore gale is driving the water up the 
river. 


A few well-known rivers have tidal bores, namely: 


The Severn and Trent Rivers in England and the Seine in France. The 
Tsein-Tang in China, the Amazon in Brazil and the Petitcodiac in Canada. 


The Petitcodiac River bores are excellent examples and will be of 
special interest to readers of this JoURNAL as they are near at hand. 
This river is connected with the Bay of Fundy by an estuary about 
32 miles long. As the tide enters this estuary, at Hopewell Cape, it 
may have a maximum rise of 46% feet, and assumes the character of 
a bore about ten miles up the river. At first it has a smooth wave 
front which may be seen, and also heard, breaking at the ends along 
both river banks as it proceeds. About eight miles farther upstream 
when the bore comes around the right-angle bend in the river at 
Moncton, it develops a bubbling front (Plate XIa) averaging 3 to 31%4 
feet in height. At the highest tides, and if supported by strong winds 
up the Bay of Fundy, the front may exceed a height of 5 feet. The 
bore advances about 8% miles per hour, and to a distance of thirteen 
miles above Moncton. 


When the moon is in perigee, especially with spring tides, the bore 
will be high but with the moon in apogee at the time of neap tides, 
there may be only a small ripple, and with adverse winds in the bay, 
it would be hardly noticeable. 


230 F. Keith Dalton 


OBSERVING THE BORE 


The bore on the Petitcodiac can be observed to good advantage 
from the special park in Moncton where a platform is provided along 
the top of the river bank for the convenience of spectators. One must 
be on hand a little ahead of the scheduled time of arrival of the bore 
for, truly, this is an instance when ‘‘Tide waits for no man”. 

Before the bore appears the river will have decreased to its natural 
flow, a narrow and shallow stream in the lowest part of the half-mile- 
wide mud flats. If it be a high bore, the first glimpse may be obtained 
through binoculars while it is more than a mile away and the wave 
front, breaking along the east bank of the river, is proceeding steadily 
upstream, coming around the outside of fhe river bend. Soon, the 
western end of the wave front will creep over the mud flat at the 
inside of the bend, showing a white edge which is gradually lengthen- 
ing. When the eastern end of the wave has come around the bend and 
has reached the Government Wharf about two hundred yards down- 
stream from the park, it too begins to break into a white bubbling 
front (Plate XIa) and in about half a minute the two parts meet 
completing the white wall of water. After developing the full bubbling 
front (Plate XIb). and with the usual sound of rushing water, like 
that of a distant train, the bore passes the park, and the spectators, 
with an evident determination to continue overcoming the natural 
stream and to proceed farther up the river. The rumbling, tumbling 
and foaming wave front advances. Its steady straight-forward, irre- 
sistible progress is deeply impressive and even awe-inspiring, leaving 
the observer completely spellbound. 

The passing of the front of the tidal bore is followed immediately 
by rising water levels in the river, rapidly at first and then more 
slowly, for about three hours. Now high tide will be reached at 
Moncton, and the brim full river will be 30 feet deep and half a mile 
wide. With the incoming tide, vessels sail up the Petitcodiac with 
their cargos. Those vessels which have been resting on the mattresses, 
beside the wharves during the low water period (Plate XIa) are 
now floating freely and seize the opportunity to sail down the river 
with the outgoing tide. Thus there. is most interesting activity, both 
natural and commercial, here at Moncton, at the right-angle bend 
which has given this tidal river its name—Petitcodiac, from the 
Micmac Indian word, “pet-koat-kwee-ak,” meaning “the river that 
bends round in a bow.” 
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PREDICTING THE ARRIVAL OF THE Bore 

Many tourists whom the writer has met beyond Moncton expressed 
disappointment for unfortunately the bores that they had seen were 
low and some had been barely discernible. It is a very easy matter, 
however, to determine beforehand whether the bore on any particular 
day will be a good one or not. The predictions are based upon the 
high tide levels at the city of Saint John, as given in the Atlantic 
Tide Tables published annually by the Department of Mines and 
Technical Surveys in Ottawa, which state: ‘““The nearer the predicted 
height of the coming high water is to the maximum of 28 feet at 
Saint John, the more pronounced will be the bore at Moncton. If the 
height is near the minimum at 21 or 22 feet, the bore will not be 
much more than a large ripple.” The bores follow one another about 
12% hours apart so there usually are two every day,* and they may 
differ considerably in height. One can study these Tide Tables and 
thereby be able to plan his visit so as to see a good bore. 

The tidal bore arrives at Moncton approximately 12 hours, 8 
minutes after the moon has crossed the local meridian but one can 
determine the time of arrival very closely from the above Tide Tables, 
by subtracting 2 hours, 30 minutes—an average correction—from the 
time given for high water at Saint John. The Moncton Junior Chamber 
of Commerce issues annually a time table of the arrival of the bore 
during the summer months but does not indicate what its height will 
be. This sheet of information is supplied gladly to prospective visitors 
who ask for it. 


CONCLUSION 


It has been the writer’s good fortune to spend his vacations in 
New Brunswick and Nova Scotia in recent years and to have oppor- 
tunities of witnessing most of the fascinating phenomena described 
herein. He feels that other amateur astronomers would be equally 
thrilled and so has endeavoured to explain the most interesting 
features for their benefit. Their knowledge of astronomy, particularly 
of the attractive force of gravity, would give them an insight to fully 
understand the phenomena, which here are in such great contrast to 
the behaviour of tides elsewhere. 

*About every two weeks, the bore arrives within half an hour of 12.00 
o'clock noon. The last previous and next following bores then will arrive near 
midnight but, respectively, on the day before and the day after that of the 
noon bore. Each time this happens there is a day with only one bore. 
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THE ATMOSPHERE OF THE SUN* 


By E. WILLIAMSON 


To the astronomer, the sun occupies a unique position; of the 
thousands of millions of stars comprising our galaxy, it is the only 
one which cart be studied at close enough range to see details of its 
structure. Because of this fact, a staggering amount of genius and 
patience have been expended on observing and interpreting its 
features since Homer Lane in 1869 first attempted to determine the 
density and temperature of the solar atmosphere. The published 
reports of all these investigations would in themselves fill a fair- 
sized library. 

Obviously, one must make a rather stringent selection from this 
bewildering array in order to say anything intelligible about the 
solar atmosphere in the short space at my disposal. In making this 
selection, | have three objectives: first, to discuss an important 
phase of the solar atmosphere; second, to treat a topic dependent 
on our fortunate proximity to the sun, and third, to talk about 
astrophysical problems within my direct experience and interest. 

Two items come to mind, apparently radically different, but 
which may be dealt with, at least in part, by quite similar physical 
ideas. The first topic has to do with what controls the gross flow 
of the sun’s radiation, as it departs from the surface of the sun. 
Observations show us that as we view the sun’s disk, it is not 
uniformly bright. Moreover, although the continuous spectrum 
of the sun is not completely dissimilar to a Planck curve, the 
differences are not negligible. Recent research has led astro- 
physicists to the conclusion that the distribution of the intensity 
of radiation over the solar disk, and the continuous spectrum of the 

*Presented as part of a symposium on “The Atmospheres of the Stars and 


Planets” at the June 1950 meeting of the Royal Society of Canada at Kingston, 
Ontario. 
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sun are intimately connected with the existence in the sun’s atmos- 
phere of hydrogen in a form not known in terrestrial laboratories 
the so-called negative ion of hydrogen. 

The other topic which I wish to touch on is the radio-frequency 
radiation from the sun, its detection and its significance. 

These two problems afford several interesting contrasts: the 
one is a venerable topic in astrophysics; one might say that the 
interpretation of the continuous spectrum of the sun is a classical 
problem of astrophysics, having been first considered in the last 
half of the nineteenth century. It has been much studied, and as 
a result of investigations in the last few years, one might say that 
it has been completely solved, or as nearly so as any physical pro- 
blem ever is. The other problem, that of the radio-frequency 
energy emitted by the sun, is quite new; a decade or so ago it was 
not even known to exist. Far from being a problem which is 
satisfactorily solved, it is one in that interesting initial stage where 
one continually turns up more questions than he answers. It 
offers great promise for future understanding of conditions in the 
sun’s outer layers. 

In discussing the continuous spectrum of the sun, we shall be 
talking about the lowest level of the solar atmosphere, the photo- 
sphere, and in talking about the sun’s radio-frequency radiation, we 
shall be concerned with the sun’s outermost layers of atmosphere, 
namely, the chromosphere and the corona. 

The knowledge which we have about the distribution of the 
sun's radiant energy across its disk in various wave-lengths has 
been amassed by decades of observations of the most tedious and 
exacting type. The names of Abbott, Langley, Plaskett, and 
Mulders stand out as leaders in this most difficult field. One im- 
portant observing instrument is the spectrobolometer, an instru- 
ment which will take the light from any part of the sun’s disk, 
resolve it into a spectrum, and measure the relative amounts of 
energy in the different wave-lengths of the spectrum—or conver- 
sely, it will allow the observer to determine the relative brightness 
of different parts of the sun’s disk in any given wave-length. By 
a systematic use of this instrument, it is possible to determine, in 
relative units, the brightness of each part of the sun in all wave- 
lengths which will penetrate the earth’s atmosphere. 

The spectrobolometer is a difficult instrument to adjust, cali- 


234 Ralph E. Williamson 


brate, and use, and when | remind you that the earth’s atmosphere 
is not completely transparent, and that all the readings made by the 
spectrobolometer must be corrected for this fact, by taking measures 
with the sun at different zenith distances, and then extrapolating 
to remove the effect of the earth’s atmosphere, you will readily see 
that a far-reaching and oft-repeated programme of measurements 
is required. Nor is this all. The spectrobolometer is not an 
absolute instrument, for while it will measure relative intensities in 
different wave-lengths with considerable accuracy, it does not lend 
itself to measuring the absolute value of the intensity of radiation 
in, say, ergs per sq. cm. per second per unit wave-length interval. 
To achieve this desired result, one must make use of another 
instrument, the pyrheliometer. The principle of this instrument is 
simple: it uses the sunlight admitted into a calorimeter through 
a well-determined area to heat water, and thus allows an absolute 
determination of the total energy in the beam of the sunlight 
admitted into the instrument. The actual form of the pyrheliometer 
is quite complicated, and involves extremely delicate adjustments. 
Suffice it to say, that by combined observations with the spectro- 
bolometer and the pyrheliometer, we are in the possession of 
complete data, for wave-lengths between about 3000 and 20,000 
angstroms, on the specific intensity of the sun’s radiation, in absolute 
units, for all points on the solar disk, or—what comes to the same 
thing—for all angles of emergence of the radiation from the solar 
surface. An important by-product of this is the determination of 
the effective temperature of the sun. By this, astrophysists mean 
the temperature to which a perfect radiator following Planck's law 
of emission, of the same size as the sun, would have to be raised, in 
order for it to radiate the same total amount of energy as the sun. 
The result is that the sun’s effective temperature is about 5713° K. 
with an uncertainty of about 50 degrees either way. The sun, by 
the way, is the only astronomical body for which a direct determina- 
tion of the effective temperature has ever been carried out, and it is 
possible for the sun only because of the relatively large amounts of 
solar energy available, which allow the use of the pyrheliometer. 

Briefly stated, the results of the observations show that if we 
consider any one wave-length of light, the centre of the sun is 
noticeably brighter than the limb, this phenomenon being much 
more noticeable in violet than in red light. And it also turns out 
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that there is a systematic deviation of the solar radiation from that 
of a black body, this deviation being a function of the angle of 
emergence of the radiation from the solar surface. The phenomenon 
of limb darkening was well known half a century ago, and our 
understanding of its physical significance dates back to a classical 
exposition by Karl Schwarzschild in 1906. 

Although the actual layers involved in emitting the sun’s 
radiation are only about a hundred kilometres in thickness, Schwarz- 


Fic. 1.—Solar limb darkening (Yerkes Observatory). 


schild's idea was that there is a noticeable temperature stratification 
in these layers. The consequence of this is that when we look at the 
centre of the sun, we see down to deeper (and hotter) layers, but 
when we look at the limb of the sun, we see not so deeply and so get 
radiation coming from a comparatively cooler region. Figure 1 
shows well the effect of limb darkening in photographic light, and 
figure 2 illustrates the effect of temperature stratification in causing 
the limb darkening. 
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When we come to examine the matter more carefully, we see that 
the amount of limb darkening is intimately tied up with two charac- 
teristics of the solar atmosphere: not only the temperature gradient 
(say in degrees absolute per kilometre), but also with the opacity 
of the solar atmosphere. If the solar atmosphere were very much 
more opaque than it is, then obviously the difference in temperature 
of the layers seen at the centre of the disk and at the edge would be 
very much less, and hence there would be less limb darkening. 

Let us consider for a moment the cause of the temperature 
gradient. One can think of the energy which the sun radiates as 
working its way up from deeper layers to higher layers in the 
atmosphere, and the temperature gradient is determined in principle 
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Fic. 2.—Temperature stratification as the cause of limb darkening (the 
depth of the photosphere is much exaggerated). 


by the method by which this energy is transmitted. Of the three 
possible methods of transfer of heat, conduction, convection, and 
radiation, the former can immediately be ruled out because of the 
low conductivity of gases. From theoretical investigations, it turns 
out that if the principal energy transport mechanism in the photo- 
spheric layers were convection, the limb darkening would be much 
greater than that actually observed. We are left, then, with the 
assumption that the transfer of heat-energy through the upper 
layers of the sun is by radiation. 

One must think, then, of each layer of the sun’s atmosphere 
being heated by absorption of radiation from below, and being 


» 
\ Ze 
\ 
\ 
\ 
\ 
4 
j 
t 
/ 
/ 


The Atmosphere of the Sun 237 


cooled by emission of radiation to the cooler regions above. How 
does a hot gas radiate and absorb? The physics of matter at high 
temperatures fortunately gives us a definite, quantitative answer, 
in the law which has come to be known, after the two physicists 
who demonstrated the truth of its two parts, as the Kirchhoff- 
Planck law. This important equation states the relationship 
between the emission coefficient j, (defined as the radiant energy 
emitted per second, per unit mass, per unit solid angle, and per unit 
wave-length interval), and the absorption coefficient x, (defined as 
the fraction of an incident beam absorbed per second, per unit mass, 
per unit solid angle, and per unit wave-length interval). Under 
quite general conditions (and conditions which include those found 
in the photosphere) it may be shown that the ratio of these quan- 
tities is independent of the particular composition of the gas in- 
volved, and is in fact equal to the specific intensity of radiation 
within an enclosure in thermodynamic equilibrium. Stated math- 
ematically, 


BIT), (1) 
B\(T) = — 1)-1, (2) 


a 


The first relation is ascribed to Kirchhoff, and the form of the 
radiation curve for thermodynamic equilibrium, as given in equa- 
tion (2), is due to Planck. 

When we come to apply the Kirchhoff-Planck relation to the 
sun’s atmosphere, we must allow for the fact that each layer is at a 
different temperature. The assumption is made that each layer 
radiates according to the relation (1 and 2); when this assumption 
is valid (as it almost certainly is valid in the photosphere of the sun, 
and of other stars) the material is said to be in local thermodynamic 
equilibrium. 

Now the situation is the following: The interaction of any layer 
with the radiation passing through it is two-fold: first, it adds 
radiation to the beam according to its temperature, in a fashion 
given by (1) and (2); second, it absorbs some radiation from the 
beam, according to the magnitude of the absorption-coefficient 
kx. It is now possible to write down the equation showing the rate 
of change of the specific intensity, (6), moving at any angle 0 
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to the normal to the sun’s surface, as it traverses any laver of thick- 
ness dx. The equation is 


s 


co 


= — I(x). (3) 
px,dx 

Two difficulties face the analysis at this point: first, it is neces- 
sary to know the temperature 7 at each depth x, or at least to have 
some means of calculating it; and second, one needs to know how 
the absorption coefficient, K,, varies with wave-length. 

Now there are some quite general arguments which indicate 
that the absorption coefficient cannot vary wildly over the different 
regions of the spectrum, and so it is natural that early workers in 
the field thought of the simple expedient of finding what the con- 
tinuous spectrum would be like if the solar atmosphere had an 
absorption coefficient which was the same for all wave-lengths. 
Such an atmosphere is referred to as a grev atmosphere. \|t turns out 
that for a grey atmosphere, one can readily determine the run of 
temperature with depth. 

On the basis of the limb darkening measures, one is constrained 
to say that all the energy is transmitted by radiation and none by 
convection currents or conduction. Imposing this condition, which 
is called the condition of radiative equilibrium, on the differential 
equation (3), the problem is reduced to a mathematical one, which 
can now be solved exactly, thanks to the work of Chandrasekhar. 
Previously, only approximate solutions were available and their 
accuracy could not readily be assessed. 

If we recapitulate the assumptions which have been made in 
this preliminary theory of the solar atmosphere, we see that they 
are three in number: 


I. Local thermodynamic equilibrium 
II. Radiative equilibrium 
III. Grey atmosphere 


Before we consider the results of the computations, it is well to 
realize the relative status of these three assumptions. Assumption | 
is quite certain, and I] is almost as positively required for the solar 
atmosphere, since without it one could hardly interpret the amount 
of the solar limb darkening. As to III, it is certainly not correct, 
but probably not far from the truth. Figure 3 shows the observed 
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and the calculated spectra of the sun. The solid lines are the 
calculated vaJues, and the dots are the observations. In each case, 
the upper curve refers to radiation from the centre of the solar disk, 
and the Jower curve to the total solar radiation. The calculations 
were made for an effective temperature equal to that of the sun. 

It is seen that the agreement of theory and observation is by no 
means perfect, although good enough to indicate that the conditions 
of the mathematical solution of the problem are not too far distant 
from actual solar conditions. Now of the three fundamental 
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Fic. 3.—Observed and theoretical solar spectra. Dots are observational, lines 
theoretical. The upper curve in each refers to the centre of the sun, the lower 
to integrated sunlight (after Chandrasekhar). 


assumptions leading to the theoretical curves, the first two are on 
quite a different footing from the third. In fact, the deviations of 
the predicted from the observed intensity-curve tell the story— 
if we can read it—of how the absorption coefficient varies with 
frequency. 

Thus, attention is focussed on the mechanism and the physical 
entity responsible for the opacity in the solar photosphere. For 
several decades astrophysicists have been fairly sure of the mechan- 
ism involved in the absorption of light in the solar atmosphere, 
ascribing it to photoelectric ionization of some element. 
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{ Let us digress for a moment to consider the mechanism of photo- 


electric ionization, as schematized in figure 4. An incoming photon, 
with radiation of frequency v, and energy hy is absorbed, and 
removes the outer electron from the atom. The electron is sent off 
with some velocity v which depends on the excess of the photon’s 
energy over the energy required to pull the electron free of the 
atom. If one knows the wave-functions for the initial and final 
states of the atom, it is possible to calculate the probability of 
such a transition, and using this, to write down the formula for the 
absorption coefficient of material made up of such atoms. 
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Fic. 4.—Photoelectric ionization. 


{ Until comparatively recently however, although the mechanism 
was well understood, one had no idea which atom was doing the 
absorbing. It was definitely not hydrogen in any form then known, 
and it was equally well not any other element. This impasse 
existed for several years until Rupert Wildt, drawing on his chemi- 
cal experience, suggested at a symposium at Yerkes Observatory 
in June 1943, that hydrogen could exist in the solar atmosphere in 
a form which is not chemically stable—that of the negative hydro- 
gen ion. This structure consists of two electrons bound to one 
proton. Its excess charge makes it a rather delicate structure, 
unable to survive at atmospheric pressures. However, a calculation 


\ 
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using Saha’s ionization formula showed that it should exist in 
appreciable quantities in the solar atmosphere, and might well be 
the hitherto unknown source of opacity. 

There followed a period of intense interest in the structure of the 
negative hydrogen ion. The problem centres about an appropriate 
solution of the wave-equation for a two-electron system; eventually 
an adequate wave-function was found, through the combined 
efforts of two of Chandrasekhar’s students, L. R. Henrich and 
myself. Figure 5 shows a representation of neutral hydrogen and 
the negative hydrogen ion (often referred to as H~) on the Bohr 
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tic. 5.—The negative hydrogen ion. 


picture, and on the wave-mechanical picture, which is used for the 
actual computation of absorption coefficients. The final wave- 
function derived depends on the distances of each of the electrons 
from the nucleus, and from each other, as is indicated in the figure. 

The next step is the calculation of the run of the absorption 
coefficient with frequency. In principle, this can be done by stand- 
ard wave-mechanical methods, but in fact, it turned out that a 
special treatment was required, because of unavoidable inaccura- 
cies in the wave-function of H~. This special treatment was made 
by Chandrasekhar. 
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At this point, the work veers from physics to astrophysics. It 
is by no means a simple matter to solve the differential equation (3) 
when account is taken of the variation of the absorption coefficient 
with frequency. Essentially, the difficulty comes about in applying 
the condition of radiative equilibrium. However, Chandrasekhar 
has elaborated a successful approximation method of solution, 
which gives the required accuracy. 

The solution can be arranged in such a form that the observed 
intensity distribution can be used to obtain the run of the absorption 
coefficient which would be required to give this actual intensity 
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Fic. 6.—Theoretical (solid line) and empirical obsorption coefficients for 
the solar atmosphere (after Chandrasekhar). 


distribution. It is then possible to confront this empirical absorption 
coefficient with that calculated for the negative hydrogen ion (and 
a slight additional amount, due to neutral hydrogen), in order to 
see how nearly the two agree. 

In figure 6, the two sets of data are compared, the points repre- 
senting the empirical absorption coefficients, and the line represent- 
ing the theoretically obtained absorption coefficient for H~ and for 
neutral hydrogen (which contributes a comparatively small part). 
The agreement is so satisfactory that there can be now no doubt 
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that the mechanism of formation of the sun’s continuous spectrum 
is as completely solved as any problem in astrophysics can ever be. 
It is a matter of great satisfaction that the calculation of the empir- 
ical absorption coefficient can be made both for the total solar 
radiation, and for that from the centre of the sun’s disk; the two 
agree extremely well with each other, and this furnishes a valuable 
additional check of the validity of the assumptions of local thermo- 
dynamic equilibrium and radiative equilibrium for the solar photo- 
sphere. 

In the meantime, as our understanding of one part of the sun's 
atmosphere, the photosphere, was in a sense coming to completion, 
new and exciting questions were being raised about another portion 
of the sun: it was being realized for the first time that the sun emits 
radio waves, and this exciting discovery afforded—and is still 
affording—a variety of puzzling and stimulating problems. 
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Fic. 7.—The radio and the optical regions of the spectrum. 


The first inkling that there are extra-terrestrial sources of radio 
waves sufficiently powerful to be detected, came in 1933, when 
Karl G. Jansky of the Bell Telephone Laboratories was making a 
survey of all sources of static which interfere with radio transmis- 
sion. He found that the region of the sky known to astronomers 
as the direction toward the centre of our galaxy emitted a faint and 
steady radiation at a wave-length of about fifteen metres. With 
the discovery of this “star-static’’, as he called it, a whole new 
window was made available to astronomers for observation of 
extra-terrestrial radiations. Up to this time, substantially all our 
knowledge of the universe had come through the relatively narrow 
band of radiation which our atmosphere transmits between wave- 
lengths of roughly 3000 and 20,000 angstrom units. Now, by using 
radio techniques, radiation in the vast wave-length range from 1 
cm. to about 15 metres, is also available for analysis. Figure 7 
shows the relative sizes of these regions, and gives some information 
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about the sources of opacity in the earth’s atmosphere, which 
screen off the other regions of the spectrum from observation. 

In 1944 came the first published announcement of reception of 
radio waves from the sun. Grote Reber, a young radio engineer, 
built at his residence in the outskirts of Chicago, a large instrument 
for focussing the radio waves from the sun and the galaxy, and 
measuring their intensity. This instrument may well be called the 
first radio telescope. The principle of a radio telescope is not 
difficult to grasp; its essential parts are a Jarge antenna (this may be 
either a large mirror for focussing the incoming radio energy on a 
resonant element, or else an array of dipoles, similar to that used 
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Fic. 8.—The component parts of a radio telescope. 


for television reception), an extremely sensitive radio receiver, 
and a meter whose deflections register the relative strengths of the 
radio-frequency energy coming from different parts of the sky. 
A loud speaker is often added, so that one can hear the quality of 
the sound. It is a steady hissing noise, incidentally, not dissimilar 
to the sound made by a steady wind in a pine grove. The diagram 
(figure 8) shows the various parts of the radio telescope. 

Figure 9 gives a view of Reber’s radio telescope, which operated 
at a wave-length of about 1.9 metres, and had an aperture of over 
20 feet. His telescope was pivoted so that it could view astrono- 
mical objects only when they were near the meridian. 

Others discovered the sun’s radiation independently, and 
reported its existence. Southworth at the Bell Laboratories was 
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one of these. Such observations were sure to attract attention, 
and soon other radio-physicists commenced solar observations. A 
pioneer among these is A. E. Covington, of the National Research 
Council, at Ottawa, who has the longest series of solar radio observa- 


tions in existence. His radio telescope operates at a wave-length 
of 10.7 cm. 


Fic. 9.—Reber’s original radio telescope. 


In 1947, a group of Australian observers under the direction 
of E. G. Bowen, of the Commonwealth Scientific and Industrial 
Research Organization announced the result of a series of measure- 
ments of the absolute value of the flux received from the sun in 
metre wave-lengths. The astounding result was that the sun 
radiates at these wave-lengths as though it were at a temperature of 
roughly one million degrees. When one remembers that the visible 
surface of the sun is at a temperature of only about 5700° K., it is 
easy to see why this result caused some consternation. Speculations 
were rife on whether the radio radiation might in some way be 
coming from the interior of the sun. 
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However, astronomers were soon able to fit the high radiation 
temperature of the sun in the radio region into a consistent picture. 
For about a decade, evidence had been accumulating that the 
temperature of the material in the solar corona, that faintly glowing 
halo about the sun which is observable only at times of total solar 
eclipse, must be of the order of one million degrees. It was not 
difficult to calculate that the opacity of the free electrons and 
protons which make up the corona is quite large for radiation of 
metre wave-lengths, due to the so-called ‘‘free-free’’ transitions of 
electrons moving in hyperbolic orbits about the protons. The 
high value of the absorption coefficient implied (here we should 
remember the Kirchhoff-Planck relation equations (1) and (2) ) a 
correspondingly high value for the emission coefficient, and radiation 
theory showed that one should in fact expect high-temperature 
radio radiation from the solar corona. It may seem paradoxical 
that if the solar corona is at such a high temperature, it should emit 
so inefficiently in the optical wave-lengths as to be well-nigh invis- 
ible. But the theory of the absorption coefficient for the free-free 
transitions shows that it varies inversely with the square of the 
frequency. Hence, although the corona has a respectably high 
opacity in the radio region, this opacity is many factors of ten 
smaller for the shorter wave-lengths (and hence higher frequencies) 
of optical radiation. And this results in such a small emission 
coefficient that the corona would be expected to be very faint indeed 
in ordinary light, as it is. 

Continuous observations of solar radio-frequency radiation 
show that the sun is, in this region of the spectrum, a most spec- 
tacular variable star. While the flux never decreases below the 
minimum value to be expected from the thermal radiation of the 
solar corona, it does on occasion send out far more flux than this. 
Bursts of radio-frequency energy, as these events are called, may 
increase the total solar flux by factors up to several hundred. The 
duration of a burst may be a fraction of a second, or a number of 
minutes. The pattern varies greatly depending on the wave-length 
observed, and on any given wave-length, it varies from day to day, 
and sometimes even from hour to hour. We are beginning to under- 
stand that the solar bursts are connected in some way with sun- 
spots on the surface of the sun, and also with solar flares (regions of 
intense H, emission on the sun’s surface, lasting usually for some 
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minutes), and there is great hope that when the underlying pro- 
cesses are better understood, they will afford much information 
concerning physical conditions in the chromosphere and _ inner 
corona of the sun. 

Leaving aside these relatively complicated and little-understood 
phenomena, let us return to the picture of the minimum radiation 
from the sun—the so-called quiet sun radiation. Here we find a 
situation in many points similar to that governing the interpretation 
of radiation from the photosphere, in the optical region of the 
spectrum. If we could, with our radio telescopes, obtain over the 
whole radio region the specific intensity of each part of the solar 
corona, we should be able to derive from this information a great 
deal of knowledge about the temperature and density of matter 
in the outer layers of the sun. The radiation theory is quite similar 
to that connected with the problem of the radiation from the sun's 
photosphere. 

Actually, at the moment, the observations are not at hand for 
such an analysis. This is not due to a Jack of zeal or ingenuity on 
the part of the radio astronomers; it is intimately bound up with 
the fundamental limitations of the radio telescope as an observing 
instrument, and of the sun as an object to be observed. There is 
no radio counterpart of the spectrobolometer in the optical region 
of the spectrum. To build up a spectrum of the total solar flux, 
a large number of radio telescopes must be used, to make an abso- 
lute measurement at each wave-length. And each such measure- 
ment requires a great deal of tedious and exacting calibration work, 
of the antenna, the receiver, and even the transmission line con- 
necting them. Furthermore, an extended period of observations is 
required, for what we must find is the minimum flux at a given 
wave-length, below which the solar radiation never falls. Hence, 
it will be readily appreciated that a great deal of work has been 
expended in achieving the radio-frequency spectrum of the sun as 
given in figure 10. 

The difficulty of achieving limb darkening curves at radio 
wave-lengths is very great, because of the fact that the resolving 
power of a radio telescope is very low, judged by optical standards. 
For example: a one-inch optical telescope has a resolving power 
of approximately one second of arc (and larger apertures have pro- 
portionally higher resolving powers) whereas a typical radio tele- 
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scope, despite its large physica] dimensions, may have a resolving 
power of 1 to 10 degrees of arc. Three lines of attack are currently 
being followed; unfortunately each of them is quite expensive. The 
most obvious method, perhaps, is to build radio telescopes of larger 
and larger aperture. Notable in this line is the fifty-foot telescope 
of the Naval Research Laboratories, Washington, D.C., under 
Dr. John P. Hagen, and the 200-foot telescope at Jodrell Bank, 
University of Manchester, under Dr. A. C. B. Lovell. The latter 
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Fig. 10.—Spectrum of the quiet sun (after Hagen). 


is relatively fixed in orientation, and unfortunately cannot be 
pointed at the sun. Another method of obtaining information about 
the limb darkening on the sun is to take a radio telescope to the site 
of a solar eclipse and observe the decrease of radio intensity as the 
moon covers different parts of the sun. Unfortunately, the limb 
darkening is not readily determinable by such observations, and 
there is the additional difficulty that if solar bursts occur during the 
few minutes of the solar eclipse, they may well completely mask the 
limb darkening effect. And finally, a radio telescope is an extremely 
delicate instrument, and to get it to function at all is a minor 
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triumph, but to be sure that it will work at top efficiency on an 
eclipse site perhaps a thousand or more miles away from any 
electronics laboratory or machine shop, is a great deal harder. The 
third line of attack is to use not one, but two antennas for the radio 
telescope, separated by a number of wave-lengths of the order of 
fifty or more. In this way, one can obtain a large number of relative- 
ly narrow antenna lobes, thus increasing the resolving power. 
This instrument, called a radio interferometer, has its own difficul- 
ties and disadvantages, but is none the less the most promising of 
the three methods of determining limb darkening, at least at the 
longer wave-lengths. 

But the existence of difficulties has never stopped the progress 
of science. The many gifted radio engineers who are interested in 
radio astronomy, working with astrophysicists who have an appre- 
ciation of the new methods as well as an understanding of what the 
necessary observations are, backed by the very generous grants of 
money from government research agencies in Canada, the United 
States, England, Australia and Holland, will overcome the tech- 
nical difficulties involved. I am confident that within a decade 
we will have as satisfactory a solution of the problem of the sun’s 
radio-frequency radiation as we now have of the sun’s optical 
radiation. 


David Dunlap Observatory, 
Richmond Hill, Ontario. 
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1949. Price SFr. 45. 


It is now a matter of familiar history that the difficulties confront- 
ing physical science in the beginning of this century were largely 
resolved by two major developments in theoretical physics, both 
involving a renunciation of some of the classical principles laid down 
in the 18th and 19th centuries. The older views with their immediate 
intuitive appeal were replaced by less tangible, more abstract, formu- 
lations of physical rules, and conflicting philosophical speculations 
avoided by basing all fundamental doctrines on the ingenious principle 
of convenience. The experimental scientist who, after all, sits in judg- 
ment on physical theories, is in a difficult position when called upon 
to master the ideas of quantum mechanics on the one hand and the 
theory of relativity on the other. In self defence he concocts his own 
version of the subjects, reducing their abstractness by introducing 
intuitive notions the legitimacy of which is often questioned by the 
theorist. It is to be regretted that there are available no really satis- 
factory books which set forth in simple language the ideas of these 
two great branches of contemporary physics. There are a few—very 
few—good expositions of the mathematical methods and theorems of 
quantum mechanics and relativity. It is inevitable and indeed irrele- 
vant that physical lacunae exist in such presentations. The critical 
eye of the mathematician has been largely withdrawn from 20th 
century physics, and physicists are unable to cope with modern 
mathematics. As a result we have the unfortunate spectacle of physi- 
cists talking mathematical nonsense, and mathematicians talking even 
worse nonsense about physics. 

Dr. Karl Jellinek, at one time Director of the Physical-Chemical 
Institute of the Technical High School in Danzig, is the author of 
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two books on modern physics. One, “Verstandliche Elemente der 
Wellenmechanik”, is an introduction to quantum mechanics for ex- 
perimental scientists. The subject is developed only far enough to 
cover one-electron problems, the treatment of more complex systems 
being promised in a later volume. The author’s contention, on which 
he bases whatever may be novel in his exposition, is that there is more 
in physics and chemistry than empty mathematical formalism, and 
that something visualizable, intuitive, substantial, must form part of 
the subject. Most of us will agree with him. However, few of us can 
be expected to concur in his selection of basic physical impedimenta 
to be carried as charms against the seductions of mathematical for- 
malism. The essential physical content of wave mechanics is seen in a 
revision of the concept of a universal ether, compatible with the 
theory of relativity, and involving the construction of a universal 
system of co-ordinates. 

The details and their cosmological consequences are set forth by 
Professor Jellinek in his second and more elaborate work: ‘‘Welt- 
system, Weltather, und die Relativitatstheorie”, again for experi- 
mentalists. Probably no branch of physics has had so many aberrant 
practitioners as the theory of relativity. The rudiments of good sense 
in it are sufficiently exiguous that they offer no obstacle to the 
construction of paradoxes ad libitum. Even the masters of the subject 
and the leaders in its development have only too often been carried 
away by a mystical exhibitionism which has left the subject beclouded 
with irrelevant discourse. In his attempt to clarify the presentation of 
relativistic doctrines Professor Jellinek has revived and elaborated 
upon a number of moribund sophistries, the discussion of which 
detracts from and impedes the straightforward presentation of the 
logical principles of the subject. While many sections of this book 
give clear and careful accounts of the mathematical methods to be 
employed, of the basic propositions of relativistic physics, and of 
some direct applications to cosmology, other sections are disappoint- 
ingly obscure, and one feels that it is with these that the author is 
really concerned since they contain whatever is novel in his attempt 
to revivify the universal ether. 

Although it may not be conceded that the author is successful in 
his intuitive interpretation of quantum mechanics by the intreduction 
of a universal ether, it must be admitted that the intrusion of the 
ether into the subject is not too conspicuous once the conventional 
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development gets under way. Here Professor Jellinek’s writing is 
careful and precise and it is quite likely that students may profit from 
reading certain sections of his book on wave mechanics. The mathe- 
matical requirements are slight, all necessary details are given in full, 
and an attractive air of enthusiasm pervades the whole. Almost all 
of the many books and articles to which he refers are described as 
“ausgezeichnet”, a view which we wish we could share. 


C. L. BARNES 


NOTES AND QUERIES 


CHANGE IN DIRECTORSHIP OF THE DOMINION ASTROPHYSICAL 
OBSERVATORY 


Early in 1951 Dr. J. A. Pearce, who has been Dominion Astro- 
Physicist at Victoria since 1940, expressed a wish that he be relieved 
of administrative work in order that he might devote the remaining 
years of his government service to uninterrupted research. In making 
this request, Dr. Pearce had in mind a number of major astrophysical 
studies begun during the past decade, and which he feared would 
remain unfinished unless he were able to devote his entire attention 
to them. 

In view of Dr. Pearce’s long and distinguished service with the 
Canadian Government, the Department of Mines and Technical Sur- 
veys, of which the Observatory is a part, decided to grant his request 
and have assigned him to a position of equal salary and seniority 
but without administrative duties associated with it. The best wishes 
of Dr. Pearce’s many friends in the Society will go with him in his 
new approach to his life’s work. 

The position of Dominion Astrophysicist vacated by Dr. Pearce 
has been filled by Dr. R. M. Petrie who has been a member of the 
staff at Victoria since 1935. Dr. Petrie is a graduate of the University 
of British Columbia and pursued graduate studies in astrophysics at 
the University of Michigan, leading to a Ph.D. degree in 1932. Dr. 
Petrie, who began his career as an astronomer when he was employed 
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as a summer assistant at the Dominion Astrophysical Observatory in 
1926, has shown himself to be an able investigator in several fields 
of astrophysics. His work at Michigan was concerned with solar 
physics and the analysis of stellar atmospheres, with some attention 
devoted to the study of lunar craters. Since returning to Victoria, 
these interests have continued, and he has made major contributions 
to present knowledge of binary orbits and the absolute magnitudes of 
binaries and other stars. More recently he has been giving a major 
part of his time to problems of galactic structure, continuing a tradition 
begun by the founder of the Observatory, Dr. J. S. Plaskett. 
The JourNAL offers congratulations and best wishes to Dr. Petrie 
on his appointment. 


INTERNATIONAL ASTRONOMICAL UNION 


Provisional plans for the next General Assembly of the I.A.U. 
have been made by the Executive Committee. The meeting is to be 
held in Rome from September 4 to 13, 1952. A number of sym- 
posiums are planned, covering such subjects as stellar evolution, 
astrometry of faint stars and instrumentation. A symposium on solar 
phenomena is planned to follow the I.A.U. meeting and will be held 
in Rome and Florence. 


CAL. 


BritisH ASTRONOMICAL ASSOCIATION 


The report on the work of the B.A.A. for the session 1950 July 1 
to 1951 June 30 was printed in the October number of the B.A.A. 
Journal. Membership in this society is open to all persons interested 
in astronomy and the society organizes its members in the work of 
astronomical observation. Monthly meetings are held in London, 
England. Of the two thousand or so members, more than two-thirds 
are in England; there are members throughout the world, with 55 in 
North America. Observing sections include the sun, moon, planets, 
comets, meteors, aurorae and zodiacal light and variable stars; there 
are also sections looking after the methods of observing, a computing 
section and an historical section. 


C.A.C, 


q 


254 Notes and Queries 


TycHo BRAHE’S OBSERVATORY 


The Swedish National Committee of Astronomy announces that 
the ruins of Tycho Brahe’s observatory Stjarneborg on Hven have 
again been excavated and are protected now by a building. A cere- 
mony was held there on October 27 in memory of Tycho Brahe’s 
death on October 24, 1601. 


Ynove OuMAN 


TWELFTH SATELLITE OF JUPITER 


Early in October came the announcement by press release 
followed by a Harvard Announcement Card that Dr. Seth B. 
Nicholson, of the Mount Wilson and Palomar Observatories, had 
discovered with the 100-inch telescope on the night of September 
29, a twelfth moon of the planet Jupiter. Dr. Nicholson is already 
well known for his exploits along this line, as he has previously 
discovered three other moons of this planet. 

However, the birth of Jupiter XII resembles that of a hospital 
birth where new-born babies are confused. For on October 25, 
Dr. E. Rabe and Dr. P. Musen of the Cincinnati Observatory 
reported that the new object was moving in the orbit of Jupiter X, 
and was presumably the already-known tenth moon. On the same 
date this was confirmed by Dr. L..E. Cunningham, who reported 
that the two moons were suspiciously alike, but that more obser- 
vations would be needed to settle the problem. 

On October 30 Dr. Nicholson produced the new observations 
in an unexpected manner. He agreed that the presumed Jupiter 
XII was actually Jupiter X; but he announced that an object 
previously identified as Jupiter X on the basis of a position supplied 
by the Cincinnati Observatory is apparently a new object, and is 
really a new moon of Jupiter. This identification was confirmed 
on later cards. The new moon is of the eighteenth magnitude, about 
the same brightness as several of the fainter moons, and presumably 
very small, a few miles in diameter. 


H. S$. H. 


OUT OF OLD BOOKS 


By HELEN SAWYER HoGG 


THE RECOGNITION OF URANUS AS A PLANET 


As time goes on the details of the events whereby the planet 
Uranus was added to the known bodies of the solar system have 
become more and more obscure, even in the minds of astronomers. 
Since scientific knowledge accumulates so rapidly, it is a real 
problem to keep up with the present, let alone search out the previ- 
ous history of events. 

It is common knowledge that William Herschel discovered the 
planet Uranus, and great credit is due him for his diligence in 
singling out this little speck in the heavens as something unusual. 
Records show that other watchers of the sky had actually observed 
Uranus some twenty times, but had not troubled to follow up the 
observations. 

The fact lost sight of in many modern references to this dis- 
covery is that Herschel did not realize he had found a new planet. 
He and other astronomers followed it for weeks thinking it was a 
new comet. The recognition of the fact that it was a new planet, 
and not just another comet, is due as much to the mathematical 
as to the observational astronomers of the period. As observations 
on the object accumulated the mathematicians computed one orbit 
after another, finding with successive approximations that the body 
was definitely not moving in a cometary orbit since it never came 
nearer the sun than the outer planets. Probably the person most 
responsible for the final identification of a new planet was Anders 
John Lexell, but the better known Pierre Simon Laplace, as well as 
President de Saron of the French Academy, also made important 
contributions to the problem. 

Unfortunately the original papers of the above are rather diffi- 
cult to procure. Herschel’s papers, on the contrary, are much more 
accessible on this continent. Excerpts from Herschel’s paper 
“Account of a Comet” in the Philosophical Transactions, vol. 71, 
1781, have already been published in Shapley and Howarth’s 
“Source Book in Astronomy’’. All Herschel’s works have been 
collected and published in the two volumes of ‘“‘The Scientific 
Papers of Sir William Herschel’, 1912. From this source we quote 
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the remarks which Herschel entered in his Journal and reproduce a 
facsimile of the original record of the ‘‘comet’’ on March 13, 1781. 
The authors of this volume have also given a valuable discussion 
of the identification of the comet as a new planet. 

The original entry in Herschel’s Journal is as follows:— (the two 
vertical lines down the middle mean that the observations have 
been copied into separate books for fixed stars, planets, etc.) 


pe 


FROM HERSCHEL'’S JOURNAL. 
Siaghtly reauced im sax. 


After this original entry it was some days before Herschel could 
observe his comet again. On Thursday morning between five and 
six o’clock he observed Mars and Saturn, but apparently the sky 
was not clear enough for him to hunt for the comet. He first saw 
it again on Saturday, March 17th, and we quote the following 
account from ‘Collected Scientific Papers,”’ p. xxx. It shows that 
not only did Herschel fail to realize that he had found a new planet, 
but also, because of inaccuracy in his micrometers, he mistakenly 
thought the object was much nearer to us than it proved to be. 
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“I looked for the Comet or Nebulous Star and found that it is a Comet, for 
it has changed its place. I took a superficial measure | Rev. 6 parts and found 
also that the small star ran along the other wire.”’ 


Saturday, 17th March 1781. 11°. 

This is the first determination of the ‘‘Comet’s’’ position made by Herschel. 
He now followed it regularly, and his observations are given in the paper which 
was read before the Royal Society on the 26th April. 

The discovery was very soon communicated to the only public observatories 
then existing in England, at Greenwich and Oxford. Maskelyne wrote on the 
4th April to Dr. Watson that he had for the last three nights observed stars near 
the position pointed out by Mr. Herschel, whereby he was enabled on the 3rd to 
discern a motion in one of them, which convinced him that ‘‘it is a comet or new 
planet, but very different from any comet I ever read any description of or saw."’ 
On the 23rd April he wrote to Herschel: ‘‘It is as likely to be a regular planet 
moving in an orbit nearly circular round the sun as a comet moving in a very 
excentric ellipsis. I have not yet seen any coma or tail to it.’’ Hornsby wrote 
on the 24th that he had searched for the comet, but could not find anything like a 
comet except an object which turned out to be a small cluster; he asked for 
further particulars. A week later he had not yet found it, but on the 14th April 
he wrote that he had found it immediately after receiving Herschel's last letter, 
and had in fact observed it on the 29th and 30th March ‘‘unknowingly’’. He 
adds: ‘‘I do not in the least question but this is the comet of 1770, but whether 
it has passed its perihelion or has not yet come to it, is more than I can say at 
present. I will very soon try to construct its orbit.” 

It is not necessary in this place to give an account of the attempts made to 
calculate a parabolic orbit for the new ‘‘comet’’. That the new star was at a very 
great distance, became evident after some time, though Méchain had at first 
computed a parabolic orbit with a perihelion-distance of 0.46, the comet being 
about to pass the perihelion on the 23rd May. These elements were communicated 
to ‘‘Monsieur Hertsthel 4 Bath’’ by Messier, who wrote to the discoverer to 
express his wonder as to how he had found this stellar object, the motion of which 
could not be recognised in the course of a night. Herschel replied at once, ex- 
plaining that it was by its appearance that he had distinguished the comet from a 
star. Later on Lexell computed a perihelion distance of 16, and announced that 
the perihelion would not be reached till April 10, 1789. It is difficult to decide 
who was the first to announce publicly, that the star moved in an orbit of small 
excentricity and at a distance about twice that of Saturn; but it appears that 
Saron, Lexell, and Laplace found this independently. Herschel had himself 
imagined that his observations made in March and April showed a considerable 
parallax. His paper as printed in the Philosophical Transactions contains a 
paragraph ‘‘Remarks on the path of the comet”’, in which he points out that the 
apparent distortion in his figures of the comet’s path were simply caused by the 
inevitable errors of his measures. But this had not been his opinion at first. His 
paper as originally presented to the Royal Society did not contain the paragraph 
just mentioned, but instead of it another and longer one entitled ‘‘Remarks on 
the diurnal parallax of the Comet’’. Looking over the delineations he had made 
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of the comet's path, Herschel says he had found a certain irregularity for which 
he could not account. He shows first that it could not arrive from refraction and 
next considers whether it might be caused by parallax. ... He therefore took 
great care on the 16th April to obtain accurate measures as early and as late as 
possible, and the result was in his opinion decisive. ‘‘I cannot hesitate to say 
that no other cause but parallax could give that evident deviation from a regular 
path which in this observation amounted to no less than 11”."’. Finally he says 
that the observed diameters of the comet agree with the observations of its place 
in pointing to its having a considerable parallax. 

In a letter to Hornsby of May 21, 1781, Herschel writes that, without having 
entered into calculations, he supposes that a parallax of not less than 10” nor 
much more than 20” would follow from his observations. This was very soon 
disproved by more accurate observations made elsewhere, the cause of the dis- 
crepancies was found, and the paragraph in question was not printed. 

In a letter of February 26, 1782, Hornsby expressed his admiration of 
Herschel's diligence: in measuring double stars, but threw some doubt on the 
value of his micrometers, since his measures had led him to place the new 
comet below the orbit of Mars. 

Another good summary of the discovery of Uranus and of events 
leading up to its identification as a planet is given in ‘A History of 
Physical Astronomy” by Robert Grant, 1852. Grant points out 
that Herschel recognized that his object was not a star because 
when he switched from his magnifying power of 227 which he was 
using on his seven feet reflector, to higher powers of 460 and 932 
he found that the comet’s image was magnified much more than 
that of the stars. Herschel continued to observe the comet until 
the 19th of April, and his paper on it was read before the Roval 
Society on April 26th, 1781. Then Grant proceeds with the dis- 
cussion of the identification (page 273): 

Previous to transmitting the above-mentioned communication to the Royal 
Society, Herschel had taken an opportunity of announcing his discovery to Dr. 
Maskelyne, the Astronomer Royal, who in his turn gave due notice of it to the 
astronomers of France. Messier commenced his observations of the supposed 
comet on the 16th of April, 1781, and his example was speedily followed by 
Lalande, Lemonnier, Méchain, and D’Agelet, as well as by Reggio, De Cesaris, 
Bode, Wargentin, and various other astronomers on the Continent. As soon as a 
few observations of it were obtained at Paris, an attempt was made by means of 
them to determine the elements of the parabolic orbit in which it was presumed 
to revolve. A serious difficulty, however, soon presented itself to those engaged 
in this enquiry. It was found that although a parabola might be assigned, which 
would represent with tolerable fidelity a limited number of observations of the 
comet, yet in a few days afterwards, the positions of the body, when calculated 
upon the same hypothesis, appeared to be totally irreconcilable with the actual 
motion. Various attempts to discover an orbit which would permanently represent 
the motion of the body were made by Méchain, the President de Saron, Laplace, 
Boscovich, and others, but in all instances they proved to be equally unavailing 
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for this purpose. Nor is their failure at all to be surprised at, for, since the body 
was universally supposed to be a comet, it was concluded by reasoning from 
analogy, that the perihelion, at the utmost, would not extend beyond the orbit 
of Jupiter, and that in all probability it was situated far within the terrestrial 
orbit. The attention of each calculator was therefore constantly directed towards 
constraining the body to move in an orbit the perihelion distance of which, even 
upon the mbst extravagant supposition, was imagined not to amount to four 
times the radius of the terrestrial orbit. It was never suspected all the while, 
that the nearest distance of the body from the sun exceeded the same standard 
of measurement at least eighteen times. 

The President de Saron appears to have been the person who threw the first 
glimmering of light on this perplexing subject. On the 8th of May, 1781, he 
announced that the comet was in reality much more remote from the sun than 
astronomers had hitherto supposed it to be. He estimated its perihelion distance 
to be equal to at least twelve times the radius of the terrestrial orbit. (Mém. 
Acad. des Sciences, 1779, p. 529). This was an important suggestion, for it had 
the effect of directing the attention of enquirers to the region of the heavens in 
which the body was actually revolving. By adopting it, the observations were 
represented with greater precision than they had been on any previous hypothesis, 
and hopes began to be entertained of arriving at a determination of the real 
orbit of the body. 

The next step in the enquiry was made by Lexell, who happened to be in 
England at the time of Herschel’s discovery. In an account of his researches 
which he communicated to the Academy of St. Petersburg, he mentions that Dr. 
Maskelyne and the other English astronomers who observed the body, agreed 
with him in supposing that in all probability it was a planet. (Nov. Act. Acad. 
Petrop., tom. i., p. 69, et seq.) Various circumstances, he remarks, concurred in 
suggesting this view of its nature. In the first place, observation shewed it to be a 
well-defined object, whereas comets generally have a nebulous appearance. 
Again, although very small, it was not difficult to discern a difierence in its light 
from that of the fixed stars. Lastly, its slow motion in latitude (indicating that 
its inclination to the ecliptic was very inconsiderable), and its motion in the 
zodiac according to the order of the signs, were two independent facts which both 
strongly supported the hypothesis of its being a planet. Taking two extreme 
observations of the body, one by Herschel, dated March 17, 1781, and the other 
by Maskelyne, dated May 11 of the same year, Lexell found that they might be 
both satisfied by a circular orbit, whose radius was equal to 18.93, the mean 
distance of the earth from the sun being supposed equal to unity. In the month 
of June or July, while still residing in England, he wrote a letter to one of his 
friends in Paris, in which he stated, that the motion of the body which formed 
the subject of so much anxious investigation might be represented by a circular 
orbit, whose radius was equal to eighteen times the mean distance of the sun 
from the earth. ‘‘From that time,’’ says Lalande, ‘‘it appeared to me that the 
body ought to be called the new planet."’ (Mém. Acad. des Sciences, 1779, 
p. 530.) Lexell soon afterwards found that on account of the slow motion of the 
body, and the consequent smallness of the arc described by it within a limited 
interval of time, the observations included between March 17 and May 28 might 
be satisfied by an infinite number of parabolas, whose perihelion distances varied 
from 6 to 22 times the radius of the terrestrial orbit. From this circumstance it 
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appeared evident to astronomers, that until the planet had described a larger 
arc, it would be impossible to arrive at an accurate knowledge of the elements 
of its orbit. 


After the lapse of a few months, when the motion of the planet began to be 
developed more clearly, its distance from the sun, upon the supposition of a 
circular orbit, was determined with considerable precision; but from the dis- 
cordances which still existed between the computed and the observed positions, 
it was plainly apparent that the real orbit was an ellipse of small eccentricity. 
Elliptic elements of the planet were first calculated by Laplace, and were com- 
municated by him to the Academy of Sciences, in the month of January, 1783. 

When it was ascertained beyond all doubt that the body discovered by 
Herschel was a planet, it became desirable to distinguish it by some special name. 
As the privilege of choosing a name in all such cases is the incontestable right of 
the discoverer, Herschel, urged by a feeling of gratitude towards his royal patron, 
George III., proposed to confer on the planet the appellation of the Georgium 
Sidus. Lalande, influenced by an equally honourable motive, suggested the name 
of Herschel. Both these names sounded incongruously with the prevailing 
nomenclature of the planetary system, and neither of them consequently met 
with much favour on the part of astronomers. The names of various heathen 
divinities were proposed as more appropriate for this purpose. After some time 
had been spent in discussing the rival claims of different deities, the name of 
Uranus, suggested by Bode, was finally adopted by astronomers, and has always 
since been employed to distinguish the planet. 

I have found a very interesting contemporary account of the 
dilemma precipitated by Herschel’s discovery of the object in 
Gemini, given by Pingré in his ‘‘Cométographie, ou Traité His- 
torique et Théorique des Cométes’’, 1784. This classic work is 
well known, but actual copies are scarce. Through the kindness of 
Dr. Harlow Shapley, and the help of Miss Hanley, I have been able 
to use the second volume of this work from the Treasure Shelf of 
the Harvard Observatory. In this, Pingré gives a long catalogue 
of comets which closes with the year 1781. In this catalogue Uranus 
is listed as the first comet discovered in 1781. Earlier in the volume 
Pingré gives a discussion of this comet, probably written late in 
1781 or early in 1782, which we reprint in its entirety. Pingré 
states that it is not yet decided whether it is a comet or a planet, 
but that Lexell has determined a circular orbit for it, with a mean 
distance from the sun of nearly 19 astronomical units and a period 
of 82 years. The accepted distance from the sun now is the same, 
and the period is 84 years, so that Lexell’s elements were amazingly 
close to the true value. Pingré explains that many people still 
regard the object as a comet, and hence in his table he publishes 
two sets of cometary elements, one by Boscowich and one by 
Laplace. 
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From Pingré’s ‘“Cométographie”’ 


1781 Premitre Cométe. 

Cette Cométe ou Planéte (car il n'est pas encore décidé si elle est l'une ou 
l'autre) fut découverte en Angleterre par M. Herschel, Astrophile, dit-on, plutét 
qu’Astronome, le 17 Mars 1781. Elle a été observée 4 Greenwich par M. Mas- 
kelyne, depuis le 1.°7 Avril; 4 Paris par M. Messier, depuis le 16 Avril de la méme 
année, & ensuite par M. Méchain & par plusieurs autres Astronomes. M. Lexell 
ayant tenté d’expliquer le mouvement apparent de cet astre dans une orbite 
parabolique ou elliptique, & n'ayant pu y réussir, conjectura que le nouvel astre 
étoit une Planéte; & en effet les observations faites jusqu’alors, se prététrent 
passablement bien 4 l'hypothése d'une orbite circulaire, dont le rayon seroit de 
18,9283, la distance moyenne de la Terre au Soleil étant toujours prise pour 
l'unité: la révolution de la Planéte seroit alors de 82,350718 ans. Nous avons 
pareillement trouvé que dans la supposition d'un mouvement circulaire, la 
distance de la Planéte au Soleil seroit presque dix-neuf fois plus grande que celle 
du Soleil 4 la Terre, & que la révolution périodique excéderoit quatre-vingt-deux 
ans. Ce résultat a été pareillement confirmé par les calculs de M. de la Lande; 
suivant cet astronome, le rayon de l’orbite est 18,931; le temps de la révolution 
exctde quatre-vingt-deux ans, le lieu du noeud ascendant est environ en 2‘ 13°; 
il y avoit environ quatre ans que la planéte y avoit passé; enfin l’inclinaison de 
son orbite a |’Ecliptique est de 0° 46’, & le mouvement est direct, ainsi que celui 
des autres Plantes. Le lieu du noeud seroit selon M. Lexell en 2* 12° 26’, 
V'inclinaison de 0° 45’ 28”. 

On demandera peut-étre comment ce nouvel Astre, s’il est une vraie Planéte, 
a pu échapper si long-temps aux observations des Astronomers? On peut répondre 
qu'il est fort petit, presque invisible a la simple vue, & que son mouvement 
apparent est trés-lent, nul méme en quelques circonstances; il ne traine pas de 
queue apres lui, il n’est point environné d’une atmosphtre assez sensible pour le 
faire reconnoitre. Des Astronomes l’auront sans doute rencontré quelques fois 
dans le champ de leur lunette; mais ils l‘auront pris pour une étoile télescopique, 
& s'ils l'ont observé plusieurs jours de suite, son immobilité apparente les aura 
confirmés dans leur premitre opinion. 

Au reste comme nous I’avons déja dit, il n'est pas irrévocablement décidé que 
cet Astre soit une Planéte; plusieurs le regardent comme une Cométe, & ont méme 
essayé d’ébaucher la théorie de J’orbite qu'elle décrit. M.1’Abbé Boscowich en a 
donné une théorie complete, c’est la premitre de la Table générale. La seconde 
est die A M. de la Place; il l’a fondée sur une théorie neuve & trés-ingénieuse, 
dont nous parlerons dans la quatri¢me partie de cet ouvrage; ce savant Géometre 
travaille actuellement a perfectionner cette méthode, & par conséquent la théorie 
méme de l’orbite de la Cométe, celle que nous donnons d’aprés lui ne devant 
passer que pour une ébauche. II n’a pas cru que les observations faites jusqu’a 
présent fussent suffisantes pour calculer le lieu du noeud & l'inclinaison de l’orbite 
de la Cométe. 

Nous rapportons cette Cométe a l’an 1781, parce qu'elle a commencé a étre 
observée en 1781; elle ne sera cependant périhélie qu’en 1790; mais notre Table 
générale ne peut s’étendre jusqu’a cette année. 
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MEETINGS OF THE SOCIETY 


AT MONTREAL 


January 11, 1951.—The meeting was held at Macdonald Physics Building, 
McGill University, on Thursday, January 11, 1951, at 8.15 p.m. The President, 
Miss 1. K. Williamson, was in the Chair. 61 members and visitors were present. 
The following were admitted to membership on motion of Mr. E. Milton, 
seconded by Mr. W. H. Birtles: Miss Elizabeth Christie, Messrs. George B. 
Allan, Daniel Murray. 


The President then referred to the death of Dr. F. S. Hogg, of the David 
Dunlap Observatory, and Asst. Editor of the JournaL and Opserver’s HaAnp- 
Book, following which a resolution expressing sympathy to Mrs. Hogg was 
introduced by Mr. G. Harper Hall, seconded by Mr. C. M. Good, and carried 
by standing vote. 


RESOLUTION 


The Officers and members of the Montreal Centre of the Royal Astro- 
nomical Society of Canada received the tidings of the death of Dr. F. S. 
Hogg with profound regret and sorrow. His unfailing kindness, and trans- 
parent sincerity endeared him to all of us. 


In this sudden and sore bereavement the Centre desires to put on record 
its sense of loss, and to express to Mrs. Hogg and her family the deep and 
heartfelt sympathy of all our members. 


{t was announced that some copies of the “New Handbook of the Heavens” 
had been secured, and that it was hoped that others might be obtained, but 
there seemed little prospect of filling entirely the demand for this book. 


The Handbook talk was given by Mrs. Zorgo, her subject being “Right 
Ascension and Declination”. 


Mr. E. Russe! Paterson then gave the first of the introductory series of 
lectures of the season, the subject “A Picture of the Universe” in which the 
speaker gave a brief survey of the solar system and its components, and of the 
galaxy, made reference to the external galaxies, and the observable regions 
ot space. A number of interesting questions followed, with further comment 


and explanations by the speaker. 


E. E. Briwocen, Recording Sceretary. 
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